Heterotopic ossification is the latest terminology for myositis ossificans as there is no inflammation in the muscle nor it is ossification all the time. A better term proposed is heterotopic mineralisation. The patho-physiology is vague. The differential diagnosis between various soft tissue calcifications and heterotopic ossifications is discussed exhaustively with the help of several illustrations. Imaging findings with emphasis on conventional radiology with its characteristic appearances are described.
Introduction
Heterotopic ossification (HO) is the abnormal process of calcification or ossification in muscles and other soft tissues. It is also called myositis ossificans, soft tissue calcification, dystrophic calcification and periarticular soft tissue calcification. The specific pathophysiology is not clear. It is the alteration in the ground substance of connective tissue progressing to ossification. Histologically, there is proliferation of fibroblasts and mesenchymal cells with inappropriate differentiation of fibroblasts into osteoblasts. Three forms are recognised: 1. A rare genetic disease called myositis ossificans progressiva, which name is changed to the modern term fibrodysplasia calcificans progressiva (FCP). 2. Neurogenic causes such as injuries of central nervous system, brain and spinal cord tumors and other neurodegenerative disorders of the brain. 3. Traumatic causes by accidents, surgery or burns. Heterotopic mineralisation is a better term as imageological differentiation between calcification and ossification is not easy.
review of the literature and discussion
The pathology of myositis ossificans (MO) is essentially extra-osseous bone formation which occurs in muscle. It has a zonal organization with peripheral well organized mature lamellar bone, intermediate osteoid region and central immature non-ossified cellular focus. Radiology and other imaging methods play a major role in the early diagnosis of HO. Clinically, it may be mistaken for a neoplasm with a solitary or multiple painful swellings. Mobility of adjacent joint may be restricted.
Myositis ossificans progressive
Fibrodysplasia calcificans progressiva (FCP) is a rare congenital disorder characterized by malformations involving great toes and progressive heterotopic ossifications in muscles and soft tissues. Spontaneous mutation tends to be the cause in most of these cases. Genetic transmission is autosomal dominant with a receptor type of I/Activin-like kinase 2, and a bone morphogenetic protein (BMP) type I receptor. Atypical fibrodysplasia ossificans progressiva (FOP) patients also have heterozygous ACVR1 missense mutations in the amino acids [1] [2] [3] [4] .
Acquired myositis ossificans circumscripta
Acquired Myositis ossificans circumscripta is largely limited to a single muscle and normally one of mastication. This is generally caused by progressive ossification of intramuscular hematoma, which could occur due to a muscle injury. This term is used to classically describe non-hereditary forms of MO.
Most cases of HO occur as a result of trauma, and thus encountered in young adults. Another group which is particularly prone to MO include dystrophic and metastatic calcifications. In dystrophic calcification, the serum calcium is normal and calcium salts are deposited in damaged tissues, whereas in metastatic calcification, the serum calcium is high. The following The causes of dystrophic calcification are mentioned in Table 2 . 
Heterotopic ossification (HO)
Conventional/ digital radiography is the study of first choice. Circumferential calcification -from periphery to centre with intermediate osteoid region. Similar presentation is noted in myositis ossificans circumscripta, FCP, panniculitis ossificans, and fibro-osseus pseudotumor of digits. The severity of heterotopic bone formation has been classified according to several systems. One traditionally used method is the Brooker classification system which divides severity into three grades a, b and c [7] . The important distinction in reporting the presence of HO is the presence of a space of more than 1 cm or less between opposing surfaces of bone and soft tissue.
Calcification usually begins to become apparent on plain radiographs within 2 -6 weeks, and the lesion reaches the classic well circumscribed peripherally calcified appearance by 2 months. In the following 4 or so months, it typically becomes smaller and denser. Cleft between it and the subjacent bone may be difficult to see on plain films. CT appearances are similar to those of plain radiography, demonstrating mineralisation proceeding from the outer margins towards the centre. The cleft between it and the subjacent bone is usually visible. The peripheral rim of mineralisation is usually visible within 4 -6 weeks.
MO in relation to bone surface is of three kinds. 1. Parosteal lesions may induce periosteal reaction without true bone attachment. 2. Lesions located closer to bone may show focal or broad-based attachment to bone surface. 3. The lesions attached to bone surface do not show continuous fusion with underlying cortex. Prominent cartilage metaplasia within lesion and in periosteal new bone formation can be present in the region corresponding to bone attachment.
The typical radiographic appearance of HO is circumferential calcification with a lucent centre, and a radiolucent cleft that separates the lesion from the cortex of the adjacent bone (Figure 2a-e) . Localised post traumatic heterotopic mineralisation (Myositis ossificans):
In early stages a typical finding is a soft tissue mass without calcific change. This can often be (Figure 3a, b) . In sports persons, avulsion injuries are quite common, which may result in tendinous, ligamentous and muscular calcifications which ossifies later. The 
HO generally occurs around the immobilized joints, such as hips and knees. This is also called parosteal arthropathy (Figure 5a -e). In India, massaging of the There is no specific role for MRI once the diagnosis of HO has already been made [14] . Instead, MRI is usually used in the assessment of a soft tissue mass. It has the added advantage of evaluating for other possible causes such as neoplasms (i.e. sarcoma) or underlying osteomyelitis. In early stages, a soft tissue mass with heterogenous high T2 signal is seen. The lesion may manifest simply as enlargment of an involved muscle. The surrounding ill defined high T2 signal represents oedema.
Ultrasonography detects changes in the soft tissues and mineralisation earlier than conventional radiography [15] . Nuclear bone scan is most sensitive for early detection. Biopsy of the lesion could lead to a false-positive diagnosis of osteosarcoma unless the clinical findings are taken into account and time is allowed for the lesion to mature.
In the differential diagnosis of HO, the following disorders may be considered [16] in Table 4 . 
Renal osteodystrophy:
Renal osteodystrophy is a radiological term consisting of 1. Osteoporosis, 2. Osteomalacia, 3. Osteosclerosis, 4. Secondary hyperparathyroidism, 5. Soft tissue calcifications.
Radiologically lump like and homogenous calcifications are noted in the periarticular soft tissues (Figure 7 a, b) .
joints and muscles is common in post traumatic and inflammatory regions ( Figure 6 ) which results in HO. 
Tumoral calcinosis
Generally idiopathic, paraarticular with fluidfluid levels in the dependent posture. Tumoral calcinosis is a rare entity characterized by localised extracapsular accumulations of calcium. Although, it is associated with renal osteodystrophy, idiopathic cases are also noted. The calcification begins as small, discrete nodules. However, they gradually enlarge and increase in density. The size varies between 1 -20cms ( Figure 8) . Biopsy of the lesion shows hydroxyapatite calcium deposits with surrounding macrophages. Calcium levels may be normal in nonrenal types [18] .
Connective tissue disorders
Scleroderma: In patients with scleroderma soft tissue calcification is often noted. It is estimated that about 75% of these patients show calcifications in the soft tissues of the hands. The pattern varies from punctuate to sheet like (Figure 9a ). There may be subcutaneous and soft tissue calcifications elsewhere in the body (Figure 9b) .
Dermatomyositis: Clinically five types are noted (Table 5) . In juvenile dermatomyositis, four different patterns of calcinosis have been described (Figure  10a-c) .
Calcinosis universalis refers to diffuse, sheetlike deposition of calcium involving muscles, subcutaneous tissues and fascial planes. It may be idiopathic or associated with dermatomyositis and polymyositis ( Figure 11 ). 
Systemic lupus erythematosus:
The calcification is not universal distribution in muscles and soft tissues.
Calcific myonecrosis: This is generally encountered in the muscles of compartments of the upper and lower limbs due to ischemia. Large sheets of calcification are noted following extensive myonecrosis [19] (  Figure 12 ). 
Extraskeletal osteosarcoma
It is a rare malignant soft tissue tumor that produces osteoid. Two types exits: One is primary and the other is secondary to radiation exposure. It is rare in children. Radiographs reveal variable mineralization and half of these patients may show no calcification [20] . This can be differentiated from myositis ossificans by its homogeneity, dense ossification and central sclerosis. CT shows mineralization as well as necrosis of the lesion ( Figure 13 ). MRI is nonspecific.
Parosteal osteosarcoma
It is a localized bone producing tumor adjacent to the cortex. It occurs in 3rd to 4th decades of life. As opposed to myositis ossificans, the mineralization starts at the centre and spreads to the periphery. A radiolucent line is noted between the cortex and the ossifying mass. CT demonstrates the lucent line eminently (Figure 14a, b) .
Extra skeletal chondrosarcoma
Chondrosarcoma arising from soft tissues is very rare. Unless, there are typical ring-like or arc-like calcifications which indicate cartilaginous nature, it is difficult to make a radiological diagnosis. Even CT and MRI are not specific. Histology is only proof. The most common histological types of chondrosarcoma, myxoid and mesenchymal (Figure 15a -c). 
Chronic infections
Pyogenic, tubercular infections and parasitic infestations may show soft tissue calcifications. In chronic osteomyelitis, apart from irregular periosteal reaction soft tissue calcifications may also be seen (Figure 16a-c) . In chronic tuberculosis of the skeleton, abcesses and granulomas may show calcification of the caseous material [21] . Parasitic calcifications is not included in this article.
Chronic venous insufficiency
This often occurs in the veins of the legs due to incompetence of the valves. Subtutaneous dystrophic calcification with variable periosteal reaction is noted. The calcifications may be punctate, trabecular or reticular. Wavy type of periosteal reaction in the subjacent bones may also be noted ( Figure 17 ). Calcified hematoma: Chronic hematomas in the soft tissues either due to trauma or in patients with bleeding tendency may show variable types of calcification depending upon the age and stage. However, peripheral calcification is common. Ultrasonography CT and MRI confirm the findings (Figure 18a , b). 
Conclusion
Heterotopic ossification includes calcification and ossification. Imageologically, it is difficult to differentiate between calcification and ossification. Hence, the term mineralisation is preferred. Generally, calcification leads to ossification, but not vice versa. Several etiological factors are mentioned. The major causes include congenital and acquired. In the latter, trauma is the common cause. Neurogenic disorders also produce dystrophic calcifications. Metastatic calcification occurs when the serum calciumphosphorus product is more than 75, calcium may precipitate in the soft tissues specially in the alkaline medium. The differential diagnosis includes extra skeletal osteosarcoma, parosteal osteosarcoma, renal osteodystrophy, tumoral calcinosis, collagen vascular disorders, chronic venous insufficiency, burns and chronic soft tissue hematomas.
